A study on the production and utilization of multinutrient blocks using locally available feed resources was conducted at the Adamawa State University, Livestock Teaching and Research Farm Mubi. The cost of production hardness and compactness and utilization were evaluated as feed supplement to cattle and sheep during the dry and wet seasons. Two multinutrient blocks were developed using local ingredients, multinutrient blocks with molasses (MNBM) and multinutrient blocks without molasses (MNBW). The chemical compositions of MNBM were DM (94.5%), CP (12%), CF (16%), EE (8.5%), Ash (9%) and NFE (54.5%). The MNBW contains DM (95.4%), CP (13.5%), CF (18.0%), EE (6.5%), Ash (6%) and NFE (56%). The hardness at 15/30 days after moulding was 3.6kg/cm 2 , 3.8kg/cm 2 ; 3.9kg/cm 2 and 4.1kg/cm 2 for MNBM and MNBW while the compactness was good both for MNBM and MNBW. The cost of production of a block of 2kg weight was N43.66 and N30.15 for MNBM and MNBW respectively.
INTRODUCTION
Ruminant animals play a significant role in the rural economy of Nigeria. With their inherent qualities thriving under harsh environments and low capital investment by the rural farmer under the free range systems, ruminants act as an insurance against crop failures and provide alternative sources of livelihood to the farmers all year round (Selvam and Safiullah, 2002) . These animals mostly thrive on grazing of natural grasses, crop residues as well as browsing on shrubs and tree leaves.
The major cereal crop residues in the northern guinea savanna zone of Nigeria are maize, sorghum stovers, rice straws and chaffs. These constitute the bulk of ruminant livestock feed in the dry season. The low nitrogen and mineral contents of the stovers as well as their high lignin and silica contents are considered the major reason for their low digestibility and consequently low productivity of the animals (Verma and Jackson, 1984; Van Soest, 1992; Sundsol et al.,1999; Smith et al., 2005) .
These feed resources are characterized by low digestibility, energy, crude protein and poor availability of minerals and vitamins (Prasad et al., 2001; Nagpal and Arora, 2002) . Efforts to improve the intake of these poor quality crop residues through supplementation with conventional concentrate feeds of both plant and animal origin which are rich in protein, have been marginal due to their high cost and demand for use in human food and feeding of non-ruminant livestock (Singh et al.,2001 ).
The main objective of this study is to evaluate various formulations of multinutrient blocks as supplements for ruminant feeding under the semi-intensive and intensive system of management.
The specific objectives are to: i) formulate multinutrient blocks using locally available feed resources;
ii) Evaluate the hardness and compactness of the multinutrient blocks for cattle and sheep.
iii) Evaluate the cost analysis of multinutrient blocks as feed supplement to ruminants.
MATERIALS AND METHODS
Study Area: The experiment was conducted at the Livestock Teaching and Research Farm of Adamawa State University, Mubi, Nigeria. Mubi is situated in the Northern Guinea Savanna zone of Nigeria at latitude 11 0 E and longitude 13 0 N, and 969m above the sea level (Andrawus and Yusuf, 2001 ).
The location of Mubi is generally higher compared with other parts of Adamawa State. The elevation ranged from 400-1500 m. The high land mountain ranges from 1200-1500 m; the high plains elevation ranges between 400-800 m and occupy about 40% of the area (Tukur, 1999) . The temperature is slightly cool between November and February, and there is a gradual increase in the temperature from January. Monthly mean temperatures range from 16 to 27 0 C (Andrawus and Yusuf, 2001). The seasonal pattern of relative humidity is low between January to March. It rises in April and reaches a maximum in August (55-80%). The relative humidity decreases as from October following cessation of rainfall (Adebayo, 2004) . Monthly rainfall increases from May to August, while it decreases from September to October, the annual rainfall ranged from 1000 to 1050mm (Andrawus and Yusuf, 2001) Livestock production is predominantly extensive rather than intensive, using range land, crop residues and collected fodder to a greater extent than sown pastures and concentrates. Livestock production is a business activity to the people of this region, except for the few nomadic cattle rearers that move their herds in and out of the area depending on the season. Large varieties of animals are kept; the major ones are cattle, sheep, goats, poultry and pigs (Gadiga, 2004) .
Sources of raw materials:
The principal ingredients used for the manufacture of the multinutrient blocks are:
1. Molaasses 2. Urea 3. Cottonseed cake 4. Sorghum brewers` dried grains 5. Salt 6. Maize offal 7. Cement Production of multinutrient blocks: The cold process was used for the production of multinutrient blocks which does not require sophisticated equipment such as a double-jacket boiler nor much energy (no heating). The blocks were made by hand (manually) in batches.
The mixing procedures involved weighing appropriately each of the ingredients in the following order, from the mineral first, followed by binders diluted in water except molasses then the protein sources and finally the energy sources. All lumps were broken to ensure proper mixing and to avoid toxicity problems when fed to animals. Additional water was added into a 20-litre capacity bowl followed by a simultaneous addition of urea and salt of known (quantities) to completely dissolve for about 20 minutes.
Cement was added to the mixture and stirred for 5 minutes to blend and stirred properly with a strong stick for 10 minutes to obtain a homogeneous mix after which the whole mixture was transferred into a half drum so as to have enough room to contain the energy sources as they were added. The remaining water which was previously used to dilute some ingredients was added to the mixture and properly mixed to attain a homogeneous mix; the total mixture was made up to 100 kg each for multinutrient blocks with molasses and multinutrient blocks without molasses. Each product was carefully placed in moulds, compressed and left in a well-ventilated room to set. The composition of the ingredients of the multinutrient blocks is shown in Table 1 Moulding and drying of multinutrient blocks: The mixed material was placed into a 15cm x15cm x10cm (L x W x H) Wooden mould. The mould was lined with plastic sheeting to prevent the block from sticking to the walls and to allow easy removal from the moulds. Water was smeared on the inside plastic liner of the mould for easy removal of the cast blocks. The moulds were removed from the blocks after setting and were air dried in the open air under a shade for 30 days. Drying and packaging of the blocks: The blocks were completely dry after 30 days. After drying the blocks were packaged individually by wrapping them in polythene sacks and kept in a safe storage area not too humid and well-ventilated under room temperature.
Measurements
Hardness: The measurement for hardness was done using a penetrometer, one of the Chattilon precision instruments (Chattillon -N.Y.-USA. GAUGE R.-CATL 719-20). For every block the relative force needed to sink the penetrometer to a preset depth was determined.
Compactness:
Compactness was tested by three persons independently using the Hassoun (1989) method. The blocks are graded as null, moderate, fairly good or good
Physical characteristics: Colour, taste, texture and smell/aroma was determined independently by three persons according to Hadjipanayiotou (1994) methods.
Chemical analysis:
All the ingredients and the two formulated experimental blocks were analysed for dry matter, crude protein, crude fibre, ether extracts, ash and nitrogen free extracts using the methods of the Association of Official Analytical Chemists (A O A C, 2000)
Cost analysis of blocks production: The cost of block production for the two formulations was calculated based on the current prices of the ingredients at the time of production.
RESULTS AND DISCUSSION

Multinutrient blocks formulation:
Two formulations manufactured are shown in Table 3 .1 The MNBM had 25% molasses, brewers` dried grains (30%), maize offal (0%), 23% cottonseed cake, mineral salt (5%), urea (5%) and 12% cement. The MNBW contains molasses (0 %), brewers dried grains (30%), maize offal 25%, cottonseed cake 25%, salt (5%), urea (5%) and 10% cement as a binding agent. Hadjipanoyiotou (1996 ), Sansoucy, (1986 and Hassoun and Ba (1991) reported an inclusion of molasses in multinutrient blocks ranging from 24.5% to 25%; this is within the range of the present study.
Some workers (Sansoucy 2007; Bheekhee 2006; Samad and Siddiki, 2004; FFTC 2006; Mwenda and Khasatsini 2008) ) used molasses in formulations of multinutrient blocks with molasses which ranged from 28 to 50% and was higher than the values in this study. Samanta et al., (2003) reported a 10% inclusion of molasses which is lower than 25% used in this work. The brewers` dried grains used in this study are similar to the 30% inclusion by FAO (1995) but are lower than the 50% used by Hadjipanayioutou (1976) in formulations of multinutrient blocks with or without molasses with variety of binders.
The maize offal is within the range of 24.5% reported by (Onwuka, 1993) but slightly higher than the 20% reported by Hassuon (1989) . The cotton seed cake is higher than the 15% reported by Mohammed et al. (2007) . The urea level in this study was slightly lower than the 10% and 8% reported by FFTC (2006) . The salt levels used in the manufacture of the blocks are within the range of 5% reported by Mohammed et al. (2007) and Waruiru, (2004) but higher levels (10%) were reported by Samanta et al. (2003) .
The cement levels of the two formulations of MNBM and MNBW were lower than the 17% reported by Bheekhee (2002; 2006) but within the range of 10 to15% reported by . Cement at 10% and 12% serves as a good binder in this study; it also gave a good compactness and hardness to the blocks. The order of the mixing technique also gave good compactness and hardness. However, the proportion of feeds ingredients used in this study was similar to those used by Salman (2007); Forsberge (2002) ; Arias et al. (2002); and Rafiq et al. (2004) . The production of multinutrient blocks was promoted by Food and Agriculture Organization intervention in different parts of the world (Hassoun, 1989; Hadjipanayiotou et al., 1993a, b) as a feed supplement to ruminants.
Hardness and compactness of the multinutrient blocks:
The results of the measurement of hardness and compactness of the blocks are presented in Table 2 . At 15 and 30 days after moulding the hardness was 3.6kg/cm 2 and 3.8kg/cm 2 ; 3.9kg/cm 2 and 4.1kg/cm 2 respectively for multinutrient blocks with molasses, and multinutrient blocks without molasses while the compactness was good both for MNBM and MNBW respectively.
The study showed that hardness increased progressively with an increase in time. This is in line with the findings of Sansoucy (1986) who stated that with cement as a binder, hardening time was much longer and it increases with time. The drying period in this study was 15 and 30 days and is contrary to the report of Mohammed et al. (2007) who recorded a drying period of 7days after compounding and this difference may be due to climatic conditions during production. Similarly Hassoun (1989) reported hardness and compactness after four (4) days of formulations. Sansoucy et al. (1988) and Hassoun (1989) also reported that the desired hardness is reached in 47 days after manufacturing which is not consistent with this finding. Preston (1993) reported that drying for more than 30 days of blocks with cement may cause problem of block cohesion.
Hadjipanayioutou (1996) reported that blocks containing molasses were softer than the ones without molasses. However, the hardness increases with an increasing level of the binding agent and time of storage. The inclusion of brewers dried grains and maize offal affects compactness due to its moisture retention capacity (Hadjipanayioutou et al., 1993b) . This study showed that the desirable hardness and compactness was achieved 30 days after manufacture of the blocks. This may be due to high moisture retention by the brewers dried grains and maize offal but incorporating them improved the blocks quality.
The level of cement at 10 and 12% as a binder gave a good level of compactness and hardness, the higher levels in this work was probably due to incorporation of brewers` dried grains and maize offal as ingredients in the blocks formulations and is within the safety limits.
Similar levels of cement ranging from 10 to 15% were used by . Levels of 11.37 and 12.24% for blocks with or without molasses was also reported by Hinojosa et al. (2000) but slightly higher than the level of 10% reported by Hadjipanayioutou et al. (1993a ) Sansoucy (2007 also recommended the inclusion of 15% cement as a binding agent. It has also been reported (Sansoucy et al., 1988; Hadjipanayioutou et al., 1993a ) that long storage of some formulations result in extremely hard blocks that could reduce block intake.
It is preferable that blocks are made at a time prior to their use so that they could reach the desired degree of hardness at the time required. Ma et al. (1992) and Hadjipanayioutou (1996) reported that, when long storage period is inevitable, wrapping or storing the blocks in polyethylene sheets/bags will maintain the desired hardness; these blocks were produced by cold process.
Physical characteristics of multinutrient blocks:
The multinutrient blocks with molasses displayed a very dark brown colour after 15/30 days drying period, and this could be as a result of the presence of molasses (25%) as an ingredient in the blocks (Sansoucy, 2007) .
The multinutrient blocks without molasses was light brown in colour. This could be due to the presence of cottonseed cake, maize offal and brewers dried grains and absence of molasses.
The multinutrient blocks with molasses have a good aroma and taste sugary due to the presence of molasses, while the smell of multinutrient blocks without molasses is slightly acidic and dull but is salty due to salt and urea combined in the blocks as reported by .
The texture of multinutrient blocks without molasses is smoother due to the oily nature of molasses in the blocks while coarser in multinutrient blocks without molasses and this may be as a result of the ingredients used to manufacture the blocks (Hassoun, 1989) .
The chemical composition of the basal diet and multinutrient supplement blocks :
The results of the chemical composition of the basal diet and multinutrient supplement blocks are presented in Table 3 . The rice straw has 97.0% dry matter, 5.4% crude protein, 26.05% crude fibre, ether extract 4.05%, total ash 16.5% and 48.0% nitrogen free extracts. The dry matter content of rice straw is within the range (96 to 98%) reported by other authors (Jayasuriya 1979; Menge et al., 1993; Chuzaemi 1994) . The values in this work are higher than the 93.7% reported by Adebowale (1993) and Wanapat (2004) . The crude protein is within the range of 5 to 6% reported by (Shi et al., 1997; Liu et al., 1998 and Liu et al., 2000) . Wanapat et al. (2004) reported lower values of crude protein.
The crude fibre content was within the range of 26.2 to 26.5% reported by (Seijas et al., 1994; Chuzaemi 1994; Yuangklang et al., 2001) . The ash content is similar to 16 to17% reported by Seijas et al. (1994) and Yuangklang et al. (2001) . The variations may be due to varietal difference, soil type and possibly fertilizer application (Vatta el al., 2004) .
The proximate analyses of the MNBM are 94.5% DM, 12.0% CP, 16.0%CF, 8.5% EE, 9.0% total ash and 54.5% NFE; While MNBW had 95.4% DM, 13.5% CP, and 18.0% CF, 6.5% EE, 6.0% total ash and 56% NFE. The differences in the chemical composition of the blocks may be due to differences in the ingredients used in the manufacture of the multinutrient blocks. The high dry matter percent obtained is an indication that the blocks were properly dried for 30 days. Avilla (1995) reported a similar DM% of 94 to 97% DM of multinutrient blocks formulated with or without molasses in the dry and wet season. Lower values of 45 to 50% DM were reported by Smith (2002) and Chowdhury and Huque (2008) .
The crude protein obtained was 12.0 and 13.5% for MNBM and MNBW respectively. The results are similar to those of Sansoucy et al. (1986 ) Garg et al. (1993 ; Aung et al. (2008) ; Chowdhury and Huque (2008. The ingredients used are similar to those used by Hadjipanayioutou (1996) in block formulations with a variety of binders with or without molasses.
The crude fibre content was 16.0 and 18.0% for MNBM and MNBW respectively and is within the range reported by Smith et al. (2005) but lower than the 10% by Bhehkhee (2006) and higher than 12% reported by Mohammed et al. (2007) and Onwuka (1993) .
The total ash content were 9.0 and 7.0% in MNBM and MNBW respectively and lower than 24% reported by Avilla (1995) . The nitrogen free extract was 54.5 and 56.0% for MNBM and MNBW respectively. These values were similar to Chowdhury and Huque (2008) but dissimilar to Hassoun (1989) who reported 60.2%. Table  4 . shows the proximate analysis of ingredients used for the formulation of multinutrient blocks. The dry matter ranged from 70 -97% for all the ingredients used in the formulations.
Chemical composition of feed ingredients:
The highest DM content recorded was (96%) in maize offal and the lowest DM was in molasses (70%) and the results are similar to those of Hussaini (1998), Onwuka (1993) and Gadzama (2008) .
The DM in brewers` dried grains was slightly higher than 90.5% reported by Hadjipanayioutou (1996) , 83.67% by Ramchurn and Raggoo (2000) and 90.02% reported by Lanya sun ya (2006).
The crude protein content ranged from 3 to 17.30% in molasses and cottonseed cake respectively; salt and cement had no CP content. The CP obtained was similar to those reported by FAO (1988) . Maize offal and brewers` dried grains CP was slightly higher than the other ingredients.
Bheekhee (2006) and Mohammed et al. (2007) recorded a lower CP of 2.50 and 2.80% respectively for molasses. Bunderberg (2008) and Waruiru (2004) recorded a higher value of 4.5 and 4.37% in molasses respectively.
Ether extract of the ingredients ranged from 0.45 to 7.35% in molasses and maize offal respectively.
The value of ether extract in maize offal is similar to the values of 7.35% reported by Mohammed et al. (2007) and is in contrast to 8.37% reported by Hadjipanayoutou et al. (1993a, b) , Hussaini (1998) and Gadzama (2008) . 
